Unsteady mixed convection heat transfer of a laminar fluid flow in ventilated enclosure was studied numerically. The bottom horizontal surface was considered isothermal, whereas the other walls were considered adiabatic. The fluid enters into enclosure through a hole located at the bottom of the left vertical wall and exits from the top of the opposite wall. The mathematical model is governed by two dimensional conservations of mass, momentum and energy equations. The numerical simulations of the fluid flow and heat transfer were investigated with a range of Reynolds number ( − ) and Richardson number ( − ), with Prandtl number fixed at 0.71. The effect of the aspect ratio on the fluid flow and heat transfer characteristics in the enclosure was studied in three different values (0. 5, 1, 1.5 ) . The numerical results showed that the maximum value of the average Nusselt number was achieved at aspect ratio of 0.5. Also, the average Nusselt number increases with the increase of Richardson and Reynolds numbers for whole different cases.
Introduction
Mixed convection flow and heat transfer in a ventilated enclosure was studied extensively during the past several decades because of the wide range of its applications in many transport processes in nature and in engineering devices. These applications include heat exchangers, nuclear reactors, cooling of electronic systems and thermal environmental control of dwelling. In most of real applications there is imposed flow in addition to the buoyancy effect. Therefore the effect of the forced and natural convection on the fluid flow and heat transfer characteristics must be studied at the same time, and this is called the Mixed Convection. Forcing the flow in the same direction of the buoyancy force may assist the natural convection. In Such case, it is called Aiding Mixed Convection. Whereas when a fluid is forced in the opposite direction, its case is called Opposing Mixed Convection.
Angirasa [1] Studied unsteady mixed convection in adiabatic enclosure with an isothermal left vertical wall numerically. He studied both cases: Aiding and Opposing imposed flow. The results showed that the heat transfer was augmenting with increases of Reynolds number. Mahmud & Pop [2] Numerically investigated the nature and the basic characteristics of the steady aiding and the opposing mixed convection in a ventilated square cavity filled with porous medium. The obtained results showed that the inlet width to the enclosure height ratio considerably affects the flow and the heat transfer characteristics in the cavity, also the results showed that the global heat transfer into the enclosure is sensitive to the change of it for fixed values of the parameters Ra and Pe. Saha et.al [3] Numerically studied the mixed convection heat transfer in ventilated enclosure with a constant heat flux from uniformly heated bottom
Nomenclature
Greek symbols AR wall. Four different locations of inlets and outlets are introduced to analyze the effect of the heat transfer in the enclosure in addition to some of governing parameters. The results similar heat transfer process at the exit for both BT (Bottom to Top) and TB (Top to Bottom) configurations. Saha et.al [4] numerically studied a double diffuse mixed convection in a ventilated square cavity with three different positions of the exit port. The results indicated significantly the effect of the position of the exit hole. Papanicolaou and Jaluria [5] [6] [7] [8] did a series of numerical investigations for mixed convection in an adiabatic enclosure with isothermal sources. The optimal location for best cooling of the heated component, laminar, transitional and turbulent flows, was examined, by watching applications used for cooling of electronic components located in a rectangular enclosure. Islam et. al [9] numerically studied mixed convection heat transfer in an adiabatic ventilated enclosure with a heat source located at the left side of the bottom wall. The results showed that the rate of heat transfer increases with the decrease of the heat source size and the increase of Grashof number.
Boudebous & Nemouchi [10], Numerically investigated unsteady mixed convection in a ventilated enclosure with isothermal left wall. The results showed that the effect of Richardson on the flow and heat transfer is very similar in both cases. Saha et.al [11] Combined both free and forced convection from a flush mounted uniform heat source on the bottom of a horizontal rectangular enclosure with side hole is studied numerically. The computational results showed for Ri >1 ,that the heat transfer is dominated by natural convection, For Ri < 1 the flow and heat transfer are dominated by forced convection while the mixed regime formed when Ri =1. Khanafer & Vafai [12] Numerically studied an open ended enclosure for three different forced flow angles of attack. The researcher studied the effect of aspect ratio for wide range (0.25 -1). The results showed that the Nusselt number increased linearly with Reynolds numbers for the three configurations at low Grashof numbers and the horizontal flow could be used to insulate the cavity from the surrounding medium. leong et.al [13] numerically simulation of mixed convection from an open cavity in a horizontal channel with various aspect ratios. The results showed that there is a significant influence on the orientation of recirculating cells, while Reynolds and Grashof numbers control the flow pattern and the occurrence of these cells. Islam et.al [14] Numerically simulation of steady mixed convection heat transfer in an adiabatic parallelogrammic with ventilated enclosure with uniform heat source applied on the horizontal bottom wall. The study focused on the effect of the positive and negative inclination angle for the vertical side walls. The Results showed that the average value of Nusselt number increases with the increase of Richardson number for low values of positive and negative inclination angle, whereas it remains constant with Richardson number at high values of positive and negative inclination angle.
The physical Model
The model was represented by 2-D ventilated enclosure with three different aspect ratios ( H/L ) as Sketched in Figure. 3. The mathematical model
Governing equations
The flow characteristics were assumed to be laminar, 2-D and incompressible flow. All physical properties of the fluid were assumed constant. The density variation as a function of temperature in the buoyancy term for which the Oberbeck -Boussinesq approximation was used [15] . As well as neglected the effect of the viscous dissipation.
According to above assumptions, the governing equations can be written in non-dimensional form as follows:
Continuity equation:
x-Momentum equation:
y-momentum equation: [1] [14] 
Energy equation:
The non-dimensional terms and numbers are defined as follows:
The non-dimensional momentum equations (3) and (4), are combined by cross-differentiation and subtraction one of them from the other to yield the vortices transport equation given by [1] [ 16] :
Where the Dimensionless Stream function equation function given by :
The Initial and boundary conditions
To solve any partial differential equation, we have to specify the initial and boundary conditions for the dependent variables. The initial conditions for , , for all points of the Domain (Ω) of the ventilated enclosure at t=0.
The appropriate boundary conditions (Γ) for the present study at t > 0, is given in Table-1 . No slip and penetration boundary conditions are adopted. 
While the average heat transfer at the hot surface can be calculated by average Nusselt number along it, = ∫ .
= ∫ 1 + .
(10)
Numerical Procedures
To solve the governing partial differential equations (5-7), must be transformed it to simple algebraic equations by using the finite difference methods, then solve these equations by using one of the numerical techniques such as Alternating Directions Implicit (ADI) method with relaxation factor (Hoffman) [17] .
The grid generation technique allow to reduce the mesh size. Reducing the mesh size leads to increase of the convergence in calculations to get the desired results and to achieve the criteria of tolerance. i.e. reducing in the elapsed time for each iteration to get the steady state condition. This reduction in the elapsed time leads to a reduction in the energy consumption for computers, especially for the super computers with multiprocessors. These benefits may be included by numerical cost. As well as to minimize the rounding error resulting from using the finite difference approximation, and to give great accuracy in the results obtained from the numerical solution. In the current study was used Poisson's equations to create a nonorthogonal elliptic grid, and used the method developed by (Thomas and Middlecoff) [18] , to give the estimated values of the functions that control the distribution of the grid liens. The resulting grid from the present work can be illustrated in fig.2 . To increase the density of the grid in the region of the high gradient of properties, we must use a suitable cluster function ((Petrović & Stupar) [19] , Such as those used in the regions of fluid entry, exit and near the boundaries, as illustrated in figure. 2. The convergence criteria for all dependent variables are10 . The code of the program was created by using the Matlab software (M-file).
Grid sensitivity and Code validation
In the present study, five Combinations of the non-uniform grids were used to test the effect of the mesh size on the accuracy of the results, as illustrated in Table- 2. The results show more accuracy for the large size of mesh, where the maximum percentage of difference in the numerical results was (3.61%) ranging between (50X50) and (120X120), whereas the minimum difference in the numerical results was (0.44%) ranging between (100X100) and (120X120). To compare between the percentage of difference and the elapsed time by CPU, the mesh size (100X100) was used for all calculations.
The numerical code were validated with the previous studies by Angirasa [1] , and Saeid & Pop [20] , as illustrated in figure. 3 and figure.4. respectively. Good agreement was achieved for both the streamlines and isotherms. Also, the average Nusselt number was compared with previous study by Angirasa [1] for different values of Richardson number. See At Re=500 and Ri=0, two recirculating cells with opposite direction of angular motion appear in the enclosure. The first one appeared due to the effect of buoyancy force, it is small and located at the upper corner of the enclosure. The second one appeared due to the high inertia of imposed flow, it is larger than the first one and located at the right lower corner of the enclosure. As increase of Ri to 1, the upper recirculating cell grows and directs the fluid flow down towards the bottom surface, this led to the absence of the lower cell. By increasing Ri to 10, the recirculating cell developed and filled the upper half of the enclosure, indicating to the large effect of the natural convection to transfer heat in the enclosure. Also the fluid amount which in contact with the bottom hot surface, increases. As shown in fig.8 .
Results and Discussion
At Re=50, and for all values of Ri number. The temperature distributes over all the entire enclosure, especially at the right lower corner. As illustrated in fig.5 .b. At Re=500 and Ri=0, the lower recirculating cell lead to increase the fluid motion and assisted to transfer the heat from the lower surface to the fluid. By increasing Ri to 10, the temperature distribution at the right lower corner of the enclosure decreases, because of large quantity of fluid passes over the hot surface, indicating to good heat transfer.
The effect of Re and Ri numbers on the streamlines contours for aspect ratio of 1,is illustrated in fig.6 .a. we can see that at low value of Re and Ri=0, no circulating cell is in the enclosure, therefore the forced convection dominates the heat transfer in the enclosure. At Ri=1, the small recirculating cell located at 
Conclusion
The Unsteady mixed convection heat transfer in a ventilated enclosure with different aspect ratios had been studied numerically. The numerical results showed that average Nusselt number increases with the increase of Richardson and Reynolds numbers for all different cases. At high values of Richardson and Reynolds numbers the unsteady periodic flow appears with high oscillation, i.e. there is no steady state achieved. Maximum value of average Nusselt number for all operation parameters is achieved at aspect ratio of 0.5. The forced convection regime is dominating the heat transfer in the enclosure for different aspect ratio at Richardson number less than one. At Richardson number equals one, the mixed Fig.9 . Average Nusselt number with Ri convection regime dominates the heat transfer at AR (1 and 1.5), whereas the forced convection regime still dominates the heat transfer at AR=0.5. The natural convection regime is dominating the heat transfer, for all different cases at Richardson number equals ten.
